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During the year 1955 the first concerted effort to change the
tremendous Inertia In mathematics began. In that year the College
Entrance Examination Board appointed a Commission on Mathematics to
make suggestions for Improvements In the mathematics curriculum In the
secondary schools. The University of Illinois's work In high school
mathematics, and the University of Maryland's work In Junior high
schools around Washington gave further authority to this effort.^
All three of these projects received financial support from the
Carnegie Foundation. The Russians with their Sputnik In 1957 boosted
these revitalization efforts. Shortly afterwards the School Mathe¬
matics Study Group financed by the National Science Foundation was
formed. This group adopted many of the findings of the earlier groups
and carried them further.^
The technological revolution now In progress requires that new
mathematics be taught In our schools, that the emphasis be shifted In
iThomas Schneider, Mathematical Challenges; The Revolution In
Mathematics (Washington, D. C., National Council of Teachers of Math¬
ematics, 1965), p. 3.
2victor Haag, "Studies In Mathematics," The Mathematics Teacher.
XII (February, 1964), 110.
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the teaching of many subjects already included in our mathematics
courses» and that we Increase the production of mathematicians and
mathematics teachers.
Changes In the mathematics programs In elementary and secondary
schools have emerged from many sources: from societal changes that
have resulted In a need for more mathematical competence; from advance¬
ments in learning theory that make possible more effective instruction¬
al procedures; and from the fact that more advances in mathematics have
been made during the twentieth century than in all the previous history
of the world,^
Together with the changes In the mathematics programs, changes
in the methods of teaching are strongly recommended. In 1966-1967,
more than one million pupils will be using programmed materials. While
programmed materials can be used successfully in a number of different
ways, certain patterns of use have been found by teachers to be the
most effective. These patterns, revealed in a recent study of two hun¬
dred school systems using programmed materials, can be of help to
teachers planning to use such materials in their classrooms for the
first time.^
During the past thirty years, many experiments In the human
learning process have demonstrated that the principles Implicit in
lEducatlonal Policies Commission, The Central Purpose of Educa¬
tion. William B. Bagon (Washington, D. C.: National Education Associ¬
ation, 1961), p, 327.
^Library Research Service, How To Teach With Programmed Text¬
books . (Richmond, Va.; New Standard Publishing Co., Inc., 1967), p. 1.
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programmed instruction constitutes a firm basis for Improved teaching.
At this point, however, more evidence Is needed before a definite
answer to the question can be given.
The writer Is of the opinion that the so-called modern mathematics
Is here to stay. As the traditional mathematics Is replaced or supple¬
mented by the new mathematics, traditional methods of teaching mathe¬
matics must be revamped If we are to realize the. full benefits of this
modern program. One method that Is l>ein|. widely adopted. Is that of
programmed mathematics Instruction. It Is about this method of Instrue- >
tlon that this study was conducted.
Evolution of the Problem
The writer's Interest In this study stemmed from attempts to estab¬
lish guidelines for selecting and evaluating programmed materials to
be utilized In teaching elementary and secondary mathematics.
Contribution to Educational Knowledge,
Theory or Practice
It is hoped that this study will be helpful to others Interested
In the teaching of elementary and secondary mathematics. It is further
hoped that some of the Implications from this study can be utilized to
reach some of the objectives of our modern mathematics programs.
Statement of the Problem
The problem involved in this study was to determine by the analy¬
sis of selected researches and research reports, the programs and the
teaching methods that are most effective In programmed mathematics In¬
struction
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Purpose of the Study
The major purpose of this study was to determine which programs
and teaching methods were recommended most frequently by the selected
researches. More specifically, this study proposed to:
1. Determine which patterns of use have been found by teachers
to be the most effective in the utilization of programmed
materials*
2. Develop some guidelines for selecting a programmed text in
mathematics.
3. Identify and characterize the implications for educational
theory and practice as derived from the interpretation of
the findings.
4. Formulate statements of conclusions and recommendations as
warranted by the analysis and Interpretation of the data
collected during the research.
Limitations of the Study
This study was confined to the examination and analysis of:
a) four selected researches pertaining to programmed mathe¬
matics instruction.
b) a report on guidelines for programmed texts in mathematics.
c) five selected units in programmed mathematics.
Definition of Terms
Significant terms ixsed in this study are defined below.
1. "Programmed instruction," refers to the method of arranging
instruction in a sequential form according to these prin¬
ciples :
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a) The material contained in a program must be
arranged in a series of logical or psycho¬
logical steps, each of which may be success¬
fully taken by the learner.
b) The learner must participate actively at
each step in the program, that is, he must
choose the answer.
c) The learner must be reinforced after each
answer by knowing immediately whether he has
responded correctly.1
2. "New method," refers to the method wherein a great deal of
stress is placed upon the unification and integration of
mathematical ideas and procedures, continuity, sequence of
experience, precise definitions, terminology and notation. 2
Locale of the Study
This study was conducted at Atlanta, Georgia, 1967, where exten¬
sive use was made of the facilities of the Trevor Arnett Library,
Atlanta University,
Materials
The materials used in this study were:
a) four selected researches pertaining to programmed mathe¬
matics instruction.
b) a Report on Guidelines for Programmed Texts in Mathematics.
c) five selected units in programmed mathematics,
A, The four researches were:
1, "The Effects on Conventionally Taught Eighth-Grade Math
Following Seventh-Grade Programmed Math," Bruce A.
Meadowcroft, Wilkinsburg Public Schools, Wilkinsburg, Pa,
IWalter N, Carnahan and Harold P, Fowcett, A Programmed Text in
Advanced High School Mathematics (Columbus, Ohio: Charles E, Merrill
Books, Inc., 1964), p. 11.
2Daniel Rleppner and Norman Ramsey, Advanced High School Mathe¬
matics (New York, N. Y.: John Wiley & Sons Inc., 1966), p, 9,
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2. "Retention as a Function of Paired and Individual
Use of Programmed Instruction." Walter Dick, Public
Health Service Predoctoral Research Fellow, The
Pennsylvania State University, University Park, Pa.
3. "Comparison of Two Methods of Using Programmed
Learning," Bruce A. Meadowcroft, Ph.D. dissertation.
The University of Pittsburgh, 1964,
4. "Achievement and Attitude of Sixth-Grade Pupils
in Conventional and Contemporary Mathematics Programs','
Ann D, Hungerman, Ph.D, dissertation. The University
of Michigan, 1965.
B. The Guidelines Report was:
"Some Guidelines for Selecting a Programmed Text
in Mathematics," Robert Kalin, The Florida State
University, 1965,
C. The five programmed units in mathematics reviewed were:
1, "A Programmed Unit on Binary Operations," Thomas
Schneider, Bedford High School, Detroit, Michigan.
2, "A Programmed Unit on the Fundamentals of
Calculus," Daniel Kleppner, and Norman
Ramsey, Harvard University,
3, "The Number Systems of Elementary Mathematics,"
Edwin E. Moise, Reading, Mass.
4, "Graphs and Statistics," Ruth A. Girard,
Sherman Oaks School, Los Angeles, Calif.
5, "Set Equality," Roy Dublsch, University of
Washington, Seattle, Washington,D.The specifically designed check-list used to
identify the extent of agreement and/or
disagreement on the variables of teaching methodol¬
ogy and adherence to "guideline criteria"
the four (4) researches analyzed.
among
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A Checklist Designed to Identify the Extent of Agreement
and/or Disagreement on the Variables of Teaching
Methodology and Adherence to Guideline Criteria
Among the Four Researches Analyzed
1. Number of research as used in this study 1 2 3 4 5






3. Other instruction, if any, with which the program






4. Number of major groups Involved in the research...... 12345
5. Number of subgroups involved in the research 1 2 3 4 5
6. If in number five (5) the number is greater
than five (5) give correct number in space provided..
For the remaining items, the scale is Interpreted as follows:
1 - Yes: 2 <■ Not 3 - Not Indicated.
3. Was pre-test administered? 1 2 3
8. Was post-test administered? .....*. 12 3
9. Was provisions made for relevant nonprogrammed
activity?........ 12 3
10. Did each pupil work at his own individual pace? ..... 123
11. Was teacher-textbook method used? ................... 1 2 3
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Method of Research
The Descriptive-Survey Method of research, employing the speci¬
fic technique of content analysis, was used to collect the required
data.
Procedural Steps
The procedural steps used were as follows:
!• The related literature pertinent to the problems of this
study was reviewed, abstracted, and presented In the
thesis copy.
2. The selected researches were analyzed to determine the
nature, scope, and organization of programmed mathematics
materials researched.
3. The derived data was organized and treated around patterns
of agreement and disagreement on methodology and criteria
met as manifested among the four researches reviewed.
4. The formulated statements of the findings. Implications,
recommendations, and conclusions as derived from the
analysis and Interpretation of the data are Incorporated
In the finished thesis copy.
Survey of Related Literature
Mathematics has recently achieved, along with certain other
branches of learning, a new status. The reasons are numerous, but
they are associated with the successes of fields formerly confined to
the remote reaches of erudite scholarship In application of concern to
all of us.
The causes which have led us to reexamine the mathematics curri¬
culum are not necessarily those springing from the highest motives
attributed Idealistically to science and scientific enterprises. A cen¬
tral factor Is the success of the Russians. It Is a sobering fact that
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societies will often make the effort to achieve great things only under
duress, for example. In the Interest of so-called defense.^
Emerging Crisis in Mathematics Use
The crisis in our science education is not an invention of the
newspapers, or scientists, or the Pentagon. It is a real crisis. The
heart of the matter is that we are moving with headlong speed into
a new phase of man's long struggle to control his environment, a phase
beside which the industrial revolution may sppear a modest alteration
of human affairs.^
The implications of this crisis for our schools are clear. We must
put forth whatever effort may be required to insure that the education
provided by our schools—and in particular, the mathematics education
provided by our schools is adequate for our times.
Teaching Methodology
This recently achieved status of mathematics has led to a con¬
siderable amount of research in the teaching of elementary and secon¬
dary mathematics. To obtain information about the research in mathe¬
matics education, the U. S. Office of Education, with the assistance
of the National Council of Teachers of Mathematics, sent a question¬
naire to 1,049 colleges that offered graduate work in mathematics
education, or whose staff or students had made contributions to previous
IPreston C, Hanmer, "The Role and Mature of Mathematics," The Math¬
ematics Teacher. LVII (December, 1964), 514.
^G. Baley Price, "The Revolution in School Mathematics," The Math¬
ematics Teacher. XXVI (February, 1965), 368.
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studies. Replies \fere received from 645 colleges* Many reported no
research In mathematics education. In the calendar year 1961-1962,
but requested a report of the survey. Approximately 50 Investigations
were reported In the area of elementary school mathematics, grades one
through eight.1
Interdisciplinary Approaches
Within the past few years there has been Increased recognition
of the need for Interdisciplinary approaches to problems associated
with the learning of mathematics. Social scientists In general, and
psychologists In particular, have met with members of the mathematical
community In an attempt to Identify and attack these problems on a
broader base than either discipline might do alone.
For Instance, a three-month project sponsored by Washington Uni¬
versity In cooperation with the U. S. Office of Education took the form
of an evaluative study of psychological research on the teaching of
mathematics, and culminated In an Invitation Conference on Psychologi¬
cal Problems and Research In Mathematics Training (May 1 and 2, 1959).
Reports on this conference were published In a monograph. Research Prob¬
lems In Mathematics Education, which Included a review of relevant re¬
search completed during the years 1948 through 1958; discussion of problems
areas In the field of human learning, with particular reference to the
learning of mathematics; and proposals for significant future research.2
iKenneth E, Brown and Theodore L. Abell, "Research In the Teach¬
ing of Elementary School Mathematics," The Arithmetic Teacher. XII(No¬
vember, 1965), 547,
2J, Fred Weaver, "A Conference on Mathematical Learning," The
Arithmetic Teacher. XII (December, 1965), 652,
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Quantity and Sequence of Materials to be Taught
Today, teachers of mathematics are being called upon to teach
concepts which a short time ago were saved for graduate students and
research mathematicians. In retrospect. It can be wondered, how did
we underestimate so thoroughly the capacity of the young, or how did
we overestimate equally thoroughly the Inherent difficulty of mathe¬
matics? Whatever may be the cause. It seems that the principal edu¬
cational problems concerning mathematics rest on decisions as to how
much should be taught and In what sequence, and not primarily on the
capacity of pupils to grasp It.
In view of the upheaval in progress. It Is more Important that
teachers In elementary and secondary schools acquire a broad perspec¬
tive of mathematical activity.
Use of Instructional Aids
One of the purpoted characteristics of a modern program in ele¬
mentary and secondary mathematics Is a more effective use of Instruc¬
tional aids. The Importance of utilizing instructional aids properly
to Introduce and develop mathematical concepts is generally recognized
by elementary and secondary teachers. In a recent survey conducted at
Southern Illinois University, In-service elementary teachers ranked the
selection and use of Instructional aids as one of the Important problems
in elementary mathematics Instruction.^
I’Harold H. Lerch and Charles T. Mangrum II, "Instructional Aids
Suggested by Textbook Series," The Arithmetic Teacher. XII (November,
1965), 543.
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Teachers are faced with the problem of selecting those aids which
will make teaching more effective and learning more efficient. The diffi¬
culty of this choice Is Intensified by several factors. Recent legisla¬
tion at national and state levels, and Interest on the part of the school
boards and administrators have made more money available for the pur¬
chase of Instructional aids In mathematics. Some teachers have not only
been asked to use this money In the purchase of Instructional aids, but
also to develop special programs for exceptional children which will
utilize the aids. Others find that they must Improvise or develop their
own materials In their efforts to Improve their mathematics program.
Increase In Number and Kind of "Aids" Produced
Within the past decade, emphasis on modern programs In mathematics
has been accompanied by Increased production of the number and kinds
of Instructional aids. This Is apparent fr<mi the advertisements In
professional journals and the number of aids displayed at textbook and
instructional aids exhibits. Some programs In mathematics are directly
related to the use of aids developed In connection with the program.
Research Findings "Old Vs New" Math
A summary of eight research studies at the elementary school level,
concerned with student achievement In arithmetic following the study
of a modern program was given by Payne. Four of these studies Indi¬
cated that elementary school children who had studied a modern program
outscored their traditional contemporaries on tests featuring conven¬
tional mathematics. Four other studies indicated that elementary school
children studying a modern program achieved at least as well as their
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convenMonal counterparts.^
Meadowcroft made a study where all of the students were taught
by the conventional textbook lecture method. He found that the utili¬
zation of programmed material in the seventh grade had no adverse effect
upon eighth grade achievements.^
Friegel provided convincing evidence that the School Mathematics
Study Group unit on measurement produces a desirable result. Friebel
studied 185 seventh graders following traditional and SMSG programs.
He found the SMSG students to be significantly superior to their tra¬
ditional counterparts in their understanding of measurement concepts
and in their skill at handling situations Involving measurement.^
There is clearly no universal agreement about what changes in
elementary and secondary mathematics are most urgently needed. To
state one position, acknowledging that there are several others. Speci¬
fically, four needs are listed as "most urgent": a greater use of
physical materials in mathematics classes, a greater diversity of
types of experiences in the child's day, the identification and early
introduction of basic mathematical ideas, and more emphasis on student
originality and creativity within the school mathematics program.
iHolland Payne, "What About Modern Programs in Mathematics?"
The Mathematics Teacher, LVIII (May, 1965), 422-424.
^Bruce A, Meadowcroft, "The Effects on Conventionally Taught
Eighth-Grade Math Following Seventh-Grade Programmed Math," The Arith¬
metic Teacher. XII (December, 1965), 615-616,
3a, C, Friebel, "A Comparative Study of Achievement and Under¬
standing of Measurement Among Students Enrolled in Traditional and




Physical experience In the classroom Is not new; A. N. Whitehead
recommended it as early as 1929,^ and a few teachers have been using
such experiences prominently in their classrooms for many years. None¬
theless. large scale observations of classrooms reveals unquestionably
that In 1965. the usual (and nearly universal) mathematics class has
hhildren sitting In their seats, a teacher standing at the front of the
room, no physical apparatus for the children to touch and play with,
and a lesson involving merely talking, listening, reading, and writing.
Two Points of View: "Reality-Authority"
Diversity of Experience
Why should we bother with physical apparatus In the mathematics
classroom? The rationale In support of physical materials and experi¬
ences comes from three sides: the cognitive psychology of Jean Piaget,
the "reallty-authorltarlan" dualism of modern science and modern psycho¬
analytic theory, and the nature of mathematics In today's world.
Diversity of experience: This point: Is somewhat similar to the
preceding one in that it starts from the observation that the typical
mathematics classroom today has children seated at desks, reading,
writing, or reciting, while the teacher stands at the front of the room
and dominates the scene. Class sessions should be Informal seminar-
type discussion groups, where spontaneity, creativity, and autonomy
are prominent. Much can be said. also, for dividing up a large class
^A. N. Whitehead. "The Aims of Education." New American Library.
(1949). 23.
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In conmlttees for what is sometimes called "small group Instruction."
Probable Content
The mathematics program for grades 1 through 8 should Include
such basic concepts as variable, open sentence, truth set, number line,
Cartesian coordinates, mapping, function, isomorphism, contradiction,
the basic elementary ideas of a two-valued logic, the addition and
multiplication of matrices, and so on,^
In the case of elementary school mathematics, if the child has
a good collection of basic mathematical ideas readily available in his
intellectual kit of tools, then he will relate his new mathematics




Student creativity and originality: much has been written lately
2about creativity. Unfortunately, even where creativity is recognized
as important, it is usually confined to a small part of the curriculum:
modern dance, painting, creative writing, and so on. It is not regarded
as an essential component of the study of mathematics. If we think that
in mathematics only the answer really matters--an Inaccurate view of
mathematics, to be sure--then there may seem to be little scope for in¬
dividual originality. When we consider how we shall analyze a problem.
Ijeanette Veatch, "Goals for School Mathematics," Journal of
Research in Science Teaching. IV (December, 1964), 309-315,
^Daniel H, Sandel, "Math Takes A New Path," The PTA Magazine.
LVII (February, 1963), 8-11.
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how we shall fight our way through the various obstacles that may appear
In our path, there Is plenty of scope for originality and creativity.
The student needs to feel a greater sense of Involvement, a greater
sense of commitment, and a greater sense of autonomy. This aspect of
education is receiving considerable attention at present.^
What of the future? The best answer seems to be that If we, the
teachers, administrators, and teachers of teachers, can do our part,
a vigorous program of innovations can become part of our dally schedule.
Difference
Lexle Williams found In her study that there did not appear to
make a great deal of difference in reasoning, computational ability or
development of understanding whether one teaches modern arithmetic by
conventional methods.^
Sex Difference-Method Difference
Likewise, the findings of the study done by Ruby Gannaway on the
"relative effectiveness of two methods of arithmetic teaching In re¬
lation to sex differences" revealed that females exhibited a higher
degree of arithmetic learning after being taught by the drill method;
the meaning method exhibited no superiority over the drill method of
teaching arithmetic to males and females.^
IStuart A. Courtis, "Our Choice: Revolution or Destruction,"
Educational Leadership. XX (May, 1963), 520-522.
^Lexle B. Williams, "Two Methods of Teaching Arithmetic In Second
Grade" (unpublished Master's thesis. School of Education, Atlanta Uni¬
versity, 1965), p. 65,
3Ruby Gannaway, "The Relative Effectiveness of Two Methods of
Arithmetic Teaching In Relation to Sex Differences" (unpublished Master's
thesis. School of Education, Atlanta University, 1960), p. 55.
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Sunmary of Related Literature
Significant points of view expressed In the literature are char¬
acterized In the separate and numbered paragraph statements below.
1. The crisis In our science education Is not Imaginary, It Is
a real crisis. We must put forth every effort to Insure
that the science education provided by our schools is ade¬
quate for our times,
2. Recently a considerable amount of research has been done
In the teaching of elementary and secondary mathematics.
There Is an urgent need for continuing and Increasing the
amount of research being conducted In these areas.
3. There Is an awareness of the need for Interdisciplinary
approaches to problems associated with the learning of
mathematics. An attack on these problems has been made
by social scientists, psychologists, and members of the
mathematical community.
4. It seems that the principal educational problems concerning
mathematics rest on decisions as to how much should be taught
and In what sequence, and not primarily on the capacity of
the pupils to grasp It.
5. One of the purpoted characteristics of a modern program In
elementary and secondary mathematics Is a more effective
use of Instructional aids. The selection and use of In¬
structional aids Is considered to t>e one of the Important
problems In elementary mathematics Instruction.
6. The number and kinds of Instructional aids produced within
the last decade has Increased considerably. Some programs
In mathematics are directly related to the use of aids
developed In connection with the program.
7. Research findings concerning "old versus new" math, have
Indicated that children studying a modern program achieved
as well as their conventional counterparts.
CHAPTER II
PRESENTATION AND ANALYSIS OF DATA
Introductory Statement
The purpose of this chapter is to present, analyze, and interpret
the data obtained from the examination of four selected researches and
one report as reported in copies of the Mathematics Teacher and the
Arithmetic Teacher (professional mathematical journals). The presenta¬
tion, analysis, and interpretation of the data have been organized under
the following captions:
1. The Effects on Conventionally Taught Eighth-Grade Math
Following Seventh-Grade Programmed Math.
2. Retention as a Function of Paired and Individual Use of
Programmed Instruction.
3. Comparison of Two Methods of Using Programmed Learning.
4. Achievement and Attitude of Sixth-Grade Pupils in Conven¬
tional and Contemporary Mathematics Programs.
5. Some Guidelines for Selecting a Programmed Text in
Mathematics.
The data collected in this study were treated with reference to
the extent of agreement or disagreement among the findings in the re¬
searches as related to the specification of methods of teaching with
programmed materials.
The Effects on Conventionally Taught Eighth-Grade
Math Following Seventh-Grade Programmed Math
Often in the utilization of special methods and educational mater¬
ials a continuous sequence cannot be maintained from one grade level to
18
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another. This Is sometimes experienced In the area of programmed
learning where an excellent course may be had that Is suitable for one
grade level but has no suitable sequel for the next grade level. Critics
have frequently suggested that programmed learning provides low reten¬
tion and produces superficial learning. Some answers to these suspicions
might be had from the following report.
The research-design fell Into two distinct phases. The first phase
covering the years 1961-1962 and 1962-1963 when the Experimental-group
used programmed Instruction and the Control-group used traditional In¬
struction. The second phase occurred during the 1963-1964 school year
when only the traditional method was used by both the experimental and
control groups.
In the school year 1962-1963. the seventh-grade students of
Wllklnsburg Junior High School. Wllklnsburg. Pa., were part of an ex¬
periment In teaching methods. During that year, the arithmetic Instruc¬
tion for one-half of the students of the seventh-grade was given by
means of a teacher-textbook method and one-half of the population by
a combination of programmed learning and teacher Instruction. ■ The arith¬
metic to be learned In either case was traditional In nature. The sample
consisted of 294 students of both sexes with abilities representative
of a typical seventh-grade population.
The experimental group (those that used programmed learning) used
the programmed materials 70 per cent of the class time and received
teacher instruction the other 30 per cent of class time. The pupils were
permitted to move at their own rate and were tested Individually. The
control group (those that used the textbook-lecture method were Instruct¬
ed by means of assignments, lectures, recitations, etc.
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The following year, 1963-1964, all of the students were taught
by the conventional textbook-lecture method. This was not because
programmed learning was not considered as good or effective but because
there were no suitable programmed courses available. Rather than accept
a poor substitute, It was considered that using the conventional method
would be best.
The comparative quantitative data on the relative achievement of
the accelerated, above average, average, slow, and total groups: experi¬
mental and control are presented In Table 1, page 23, and separately
discussed below.
Accelerated Group
The mean achievement increased for the school years: 1962, 1963
and 1964 for both the experimental and control groups, with a statisti¬
cally significant difference In the mean achievement In favor of the
Control-group (seventh-grade) In 1963. At the sixth-grade level (1962)
the mean achievement was slightly in favor of the Experimental-group;
whereas, at the eighth-grade level (1964) the mean achievement was
slightly in favor of the Control-group,
Above Average Group
The mean achievement Increased for the school years: 1962, 1963
and 1964 for both the Experimental and Control groups. There was no
significant difference in the mean achievement for the Control-group or
the Experimental-group. It Is to be noted that the mean achievement
for both the Control-group and the Experimental-group increased 1.6 in
1964 above the mean achievement in 1963. The mean achievement slightly
favored the Experimental-group In 1962, 1963 and 1964.
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During the school years 1963 and 1964 the mean achievement of
the Control-group Increased 2.0 and 1,6 respectively, while for the
Experimental-group for the same periods the Increase In mean achieve¬
ment were 1.7 and 1.6 respectively. Traditional was slightly superior
to programmed Instruction during the entire period.
Average Group
The mean achievement increased for the school years 1962, 1963
and 1964 for both the Experimental and Control groups. However, for
the Experimental-group, the total Increase was 2.9, while the total
Increase for the Control-group was 2.5. It appears that programmed
Instruction was slightly superior to traditional Instruction for this
group.
Slow Group
The mean achievement Increased for the school years: 1962, 1963
and 1964 but less significant than for the groups already mentioned.
The total Increase In mean achievement for each group was 1.4. The
Indication being that neither method proved superior to the other.
Total Groups
The mean achievement Increased for the school years: 1962, 1963
and 1964 for both the Experimental and Control groups. The total In¬
crease in mean achievement for the Experimental groups was 2.8, while
that for the Control groups was 2.7. This Indicates a slight superior¬
ity of programmed Instruction to traditional Instruction, It is to be
noted, however, that statistically there was no significant difference
of either method
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It Is interesting to note, in examining the data in Table 1,
that the "t" score in each case from the sixth to the eighth grade for
the slow and the average sections tended to decrease as the means of
the experimental and control groups tended to become similar. Through¬
out the research the mean achievement of the two groups were quite
similar as indicated by "t"s ranging from zero to 1.87, except for the
"t” of 3.33 in favor of the control group (7th grade) in 1963.
Certainly it cannot be said that the utilization of programmed
materials in the seventh grade had any adverse effects upon eighth
grade achievement. On the contrary, it compared favorably with the
control method in all aspects. However, a summary of the data for this
research Indicate that there was not any demonstrable "day-by-day" nor
delayed residual superiority of programmed instruction over traditional
instruction in grades 6, 7 and 8 as measured by the Stanford Achievement
Test.
Retention as a Function of Faired and Individual
Use of Programmed Instruction
One of the current Issues in the field of programmed instruction
is the effect of response mode upon learning and retention. A number
of studies have Indicated no difference in immediate learning as a
function of various forms of overt, covert, and reading responses.^
However, Krumboltz and Weisman found that their written response group,
when compared to those who just thought their responses and those who
IWalter Dick, "Retention as a Function of Faired and Individual




COMPARATIVE QUANTITATIVE DATA OF THE RELATIVE ACHIEVEMENT
OF THE ACCELERATED, ABOVE AVERAGE, AVERAGE, SLOW,
AND TOTAL GROUPS OF RESEARCH (1)
Section Experimental Control t
N Mean St. Dev. N Mean St..Dev.
Accelerated:
1962 (6th) 29 8.6 .78 32 8.33 1.78 .70
1963 (7th) 26 9.4 1.17 30 10.3 .84 3.33*
1964 (8th) 26 10.9 .90 30 11.1 .86 .84
Above Average:
1962 (6th) 35 6.5 2.40 31 5.8 2.96 1.02
1963 (7th) 28 8.2 .79 25 7.8 .74 1.87
1964 (8th) 28 9.8 .96 25 9.4 1.26 1.31
Average:
1962 (6th) 69 5.2 2.40 66 5.6 2.07 1.36
1963 (7th) 59 6.9 .94 55 6.8 1.04 .53
1964 (8th) 59 8.1 1.15 55 8.1 1.36 .00
Slow:
1962 (6th) 16 5.2 .87 16 5.6 .68 1.51
1963 (7th) 14 5.7 1.02 14 6.1 1.11 .95
1964 (8th) 14 6.6 1.43 14 7.0 1.22 .76
Total:
1962 (6th) 149 6.1 2.40 145 6.3 2,40 1.04
1963 (7th) 127 7.6 1.50 122 7.9 1.80 1.44
1964 (8th) 127 8.9 1.90 122 9.0 1.80 .43
*Signlfleant at the ,01 level.
read the correct responses, showed significantly greater retention after
a delay of two weeks,^ Goldbeck and Campbell had eighth graders study
a 32 frame program on electricity In order to test for differences In
LI, D, Krumboltz and R, G, Welsman, "The Effect of Overt versus
Covert Responding to Programmed Instruction on Immediate ai^ Delayed
Retention," Journal of Educational Psychology. LIII (1962), 110-118,
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performance and response; they used reading, writing, and thinking
response groups. The results Indicated significantly greater retention
for the reading group after a period of ten weeks.^
The research design fell Into two distinct phases. The 1962-1963
and 1963-1964 school terms. The Experimental-group was randomly assigned
In pairs to work through programmed mathematical materials, while the
Control-group followed the same program and procedure, except that each
student had his own program and answer sheet and worked at his own Indi¬
vidual pace.
This study, using a 3500-frame modern algebra program, was con¬
cerned with the effect upon retention of active participation In the
form of discussion. The subjects were students who had participated In
2
an earlier study, in which the limnedlate performance of students who
worked In pairs and discussed the material with which they had diffi¬
culty was compared with the performance of students who worked alone.
This earlier study will be referred to as Experiment I; this study, as
Experiment II.
The procedure of assigning two students to study and discuss a
program together was Initiated on the basis of the following assumptions
1r, a, Goldbeck and V, N. Campbell, '’The Effect of Response Mode
and Response Difficulty on Progrananed Learning,” Journal of Education¬
al Psychology. LII (1962), 89-92.
W, Dick, “Paired versus Individual Study of Programmed Instruc¬
tion In Contemporary Algebra,” in Comparative Research on Methods and
Media for Presenting Programmed Courses In Mathematics and English,
C, R, Carpenter and L, P. Greenhlll, Directors (MDEA, Title VII Report).
University Park, Pa.: The Pennsylvania State University, March, 1963,
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which were made by the experimenter:
1. Pairing would tend to alleviate some of the boredom
that many students have expressed after having used
a program over a period of time; the suggestion was
made that the verbal Interaction of the students
might produce Increased learning as a result of verbal
reinforcement, as well as producing a more acceptable
learning situation.
2. Pairing would tend to "fill In" the deficiencies In the
mathematical backgrounds of the students, 1. e«, the
programmer must make certain assinnptlons about the know¬
ledge already retained by the students; If a student Is
working alone and finds that the program assumes knowledge
which he does not have, he will either have a great diffi¬
culty with It or be required to call upon the teacher for
an explanation. The suggestion was made that when the
students work In pairs, they could help each other In this
respect. This second assumption was considered Important
In the present study, since the subject population were
from a number of different high schools, and therefore had
a variety of academic backgrounds.^
Procedure In Experiment I
Students enrolled In Mathematics at The Pennsylvania State Uni¬
versity In the Winter Term, 1962, were randomly assigned to two groups
and tested for verbal and quantitative ability with the School and
College Ability Test (SCAT). One group was then randomly assigned In
pairs to work through prepublication copies of the program Contemporary
Algebra by Helmer, Kocher, and Lottes. The students sat beside each
other with a program placed between them. They read the first frame
and constructed their own answers on separate answer sheets. These
answers were then checked with the program. If both students were
It. F. Naumann, "Laboratory Experience In Educational Psychol¬
ogy," Journal of Programmed Instruction. I (1962), 9-18.
2lbid
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correct they continued on. But If one or both were Incorrect, they
checked back over the frame and discussed the material until they
understood It. After the completion of each unit, all students were
required to take Independently a short multiple choice test. Midterm,
final, and transfer tests were also administered to all students. The
Individual or control group followed the same program and classroom pro¬
cedure, except that each student had his own program and answer sheet
and worked at his own Individual pace. The students were given no help
during the regular classroom sessions.
Twenty-eight program units were covered during the ten-week term
at a rate of one unit per class period. The students were permitted
to work at their own pace, or at a pace determined by the pairs In the
experimental group, but they were required to finish each unit within
the time limit for the class period. Therefore, they were working In
a tlme-llmlted situation.
The results of an analysis of covariance using total SCAT scores
as the control variable Indicated no significant difference between
the two groups on their total dally test points, midterm and final
examinations, or the test of transfer. The paired group required
significantly longer to complete the program, an average of 3.7 minutes
per unit. There was no difference In their attitudes toward the course
In general or toward the program.
Subjects and Materials, Experiment II
Eighty per cent of the students in the original experiment took
the same final examination one year later. Twenty-seven of 34 students
or 79 per cent In the individual treatment group and 29 of 36 paired
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students or 81 per cent were retested. Eleven students in the paired
group and 12 in the individual group had had at least one mathematics
course in the interim year. These courses were, for the most part,
either trigonometry or introductory calculus, neither of which dealt to
any extent with the subject matter used in the experiment.
Procedure in Experiment II
During the latter weeks of the Winter Term, 1963, all the students
who were still on campus were called and told that retest data were
needed for a study of retention with programmed materials, and would
they not review their notes for the test. Discussion with the students
after the test seemed to indicate that these directions were followed.
The students took the retention test at any time which fitted their
schedules; there was no time limit on the test. Tests and instructions
were mailed to those students who were no longer on campus and to those
on campus with full schedules. Fifty-two per cent of the tests were
taken privately and returned by mail.
The comparative quantitative data on the retention test for the
two treatment groups are given in Table 2, page 29 and discussed in
subsequent paragraphs. The comparative quantitative data on correla¬
tions between measures from Experiment 1, and retention scores are
given In Table 3, page 29 and discussed separately. The comparative
qualitative data for the two treatment groups as to the percentage of
original learning retained by the jtop, middle and bottom third of each
of the two treatment groups are given in Table 4, page 30, and discussed
separately.
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Differences In Treatment Groups
In order to test for the significance of the difference in reten¬
tion of the paired and Individual groups, analysis of covariance vas
used. The sr:ore on the final examination (Ex. I) was selected as the
control variable. Assumptions of significance of regression and homo¬
geneity of variance were met. The results of this analysis and the ad¬
justed means for the retention test are presented in Table 2 on page 29,
the difference between the two groups is significant: '.05<p<,07;
F = 3.77; 1, 53 d.f.
Prediction of Retention
Table 3 indicates the correlation between variables measured prior
to, during, and immediately following Experiment 1 and scores on the
retention test taken one year later. All'the correlations are signi¬
ficant, at least at the 5 per cent level, except those between retention
and attitude. On none of the variables do hhe correlations for the two
groups differ significantly. For the paired group, the correlation be¬
tween the final examination in Experiment I and the retention test
(r "^89) is significantly higher than that between total SCAT scores
(pretreatment quantitative and verbal ability scores) and the retention
test (r = .43), t = 4.95; p . .01, For the individual treatment group,
for the same correlations (r's = .77 and ,50 respectively), the differ¬
ence between these correlations is significant at the .06 level,
t = 1.96. These final examination-retention test correlations also
indicate the test-retest reliability of the scores.
An internal analysis was used to determine the percentage of the
29
material retained by the top, middle, and bottom one-third of each of
the treatment groups uhen each was subdivided on the basis of the final
examination (Ex. I), total SCAT scores, quantitative SCAT scores, and
Initial attitude. The percentages obtained from this analysis are pre¬
sented In Table 3.
TABLE 2
COMPARATIVE QUANTITATIVE DATA OF COVARIANCE AND ADJUSTED
MEAN FOR THE PAIRED AND INDIVIDUAL GROUPS ON THE
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CD^ARATIVE QUANTITATIVE DATA OF PRODUCT-MOMENT CORRELATIONS
BETWEEN MEASURES FROM EXPERIMENT I AND
















(N = 29) .43* .84** ,89*^ .65** .14
Individual
group
(N - 27) .50** .83** .77** .43* .24
*P<.05; **pC.01
Although the percentages generally follow a linear trend with the
highest retention displayed by the top one-third of the group, none of
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the differences between the two treatment groups or among particular
treatment groups or among particular treatment subgroups (as tested by
t-test between percentages) Is significant.
TABLE 4
COMPARATIVE QUANTITATIVE DATA OF PER CENT OF ORIGINAL







Pairs 81.8 77.8 71.2
Individuals 75.5 66.9 71.5
Total SCAT
Pairs 79.8 79.3 73.8
Individuals 75.5 70.4 68.8
Math SCAT
Pairs 81.5 74.8 76.5
Individuals 85.0 73.4 67.0
Initial Attitude
Pairs 77.3 78.4 77.5
Individuals 75.5 70.4 69.4
Discussion
The results of this study seem to Indicate that when the reten¬
tion scores for the two treatment groups are adjusted for Initial per¬
formance, the paired students retained a significantly greater amount
of the subject matter than did the Individuals. This supports the earlier
studies to the extent that the benefits of paired learning are not to be
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found In Immediate performance but'in the retention of material.
The superior retention of the paired group might be attributed
to the significantly longer time spent learning the programmed material,
an average of 3.7 minutes per unit. However, this was only an average
of about one and a half more seconds per frame.
It is more likely that the time spent by the individual students
pondering over difficult material was approximately equal to the time
spent by paired students discussing the material which was difficult
for them. If this reasoning is valid, it then follows that the active
participation in the learning situation by the paired students, in the
form of discussion, aided in the supecior retention of the subject
matter. Whether or not this verbal interaction acted as a reinforcer
for the learning, a relief from boredom, or a "fill in" for a deficient
background is unknown. Quite possibly it functioned in all three capa¬
cities.
The results seem to indicate the need for further research in the
selective pairing of students in the use of programmed materials. Pilot
work in this area Indicates that personality traits are probably not
Important factors, at least at the university level. Fairing on the
basis of ability may be of some significance in decreasing learning and
retention.
/
The correlation between the final examination and retention test
for the paired group, and for the individual group to a slightly lesser
extent, support the earlier findings that the best predictor of reten¬
tion is initial performance on the task and not a general ability measure
such as SCAT. Also, when the groups were subdivided into thirds on the
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basis of the final examination, there were no significant differences
among the subgroups in terms of amount retained when expressed as a
per cent of the original learning. The high correlations indicate that
those students who had high scores on the final examination tended to
also have high scores on the retention test. However, proportionally,
they did not retain significantly more than those students who had low
scores.
These two results support earlier findings and suggests that if
one of the goals of instruction is retention of learned material over
a long period of time, the additional time which is required to bring
low performing students to a higher level will result in greater re¬
tention of information (but not proportionally greater).
Comparison of Two Methods of Using
Programmed Learning^
It has been generally concluded that programmed-learning materi¬
als can be used effectively to teach. The problem has been one of
determining just how the programmed materials should be used. Some
experimenters have tried programmed learning with no supplementation
and experienced no ill-effects in attitude or in achievement over the
short instructional period of a few days or a few weeks, but they pre¬
dicted that in a longer study signs of boredomcon the part of the learn
er would develop. It has been demonstrated that the use of programmed
iBruce A, Meadowcroft, "Comparison of Two Methods of Using Pro¬
grammed Learning." The Arithmetic Teacher. XII (October, 1965), pp. 422
425.
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materials for a longer period of time does not have particularly detri¬
mental effects upon attitudes toward the subject or toward programmed
learning when the programmed materials are supplemented with teacher
Instruction.
The teacher instruction in connection with programmed materials
may be used in many forms. One method is to have the teacher supple¬
ment the programmed materials with instruction but permit the students
to move at their own pace. Another method is to have teacher instruc¬
tion precede the use of programmed materials and act as an introduction
to the programmed learning. Another method called for the use of pro¬
grammed material, after which the instructor recaps all Important facts,
and then test the group. This report is a comparison of these two pro¬
cedures in the use of programmed materials and supplementation. Change
in seventh-grade arithmetic achievement and in attitude of the learner
towards both the subject and programmed learning also was observed to
determine how differing modes of using programmed learning might affect
the learning pattern.
This experiment was carried out in the Wllklnsburg Junior High
School, Wllklnsburg, Fa., during the school year 1963-64. The entire
seventh-grade class was separated into two comparable groups by random
methods. Each of these groups was then sub-divided into five class
sections: the accelerated, the above average, the average (two), and
the slow. The total sample originally exceeded 310 but, due to dropouts
and incomplete data on others, the final sample was reduced to 303.
The teachers assigned to do the teaching were equally experienced
and had demonstrated comparable effectiveness in teaching seventh-gradte
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arithmetic In the past. They were equally enthusiastic about progranmed
learning, and each had experience In using it.
Method I Individual Method of Instruction
There were three sections In the Individual Method group which
used the Encyclopaedia Brlttanlca Seventh-Grade Mathematics programmed
materials In class 70 per cent of the time. The pupils were tested
individually and moved at their own pace. These three sections were
the average (two), and slow sections. The accelerated and above-average
sections were taught by conventional means with very little programmed
learning Included. (This procedure was determined from a previous study
In which it was found that these students learned less and had poorer
attitudes with the above mentioned procedure of using programmed materi¬
als.)
Method II — Restrictive Method of Instruction
All five sections In the Restrictive method group used the Ency¬
clopaedia Brlttanlca Seventh-Grade Mathematics programmed materials,
and all began at frame one of the programmed materials. The procedure
was as follows: the unit to be studied was Introduced by the teacher,
and the programmed materials were used In class for practice purposes.
After a few days additional teacher Instruction was used, and then all
were tested at the same time. In effect, programmed materials then
replaced homework and class work for studying purposes and practice work.
Sources of Data
-Attitude
The students were administered attitude scales to determine their
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attitude toward the subject and toward programmed learning at the be¬
ginning and at the end of the year. The reliability was set at .90.
The most favorable total raw score possible was 60, while the neutral
score was 36 and the least favorable 12, The higher the score,..the more
positively Inclined the student toward the subject or toward programmed
learning.
Achievement
The Stanford Achievement Test scores from the pre-test of the
previous year of 1963 and the post-test of the year of 1964, were the
sources of data for the achievement of the subjects of the research.
The data on pupil performance on the Attitude Scales and the
Achievement Tests are presented In Table 5, pages 42 and 43 , with
the analysis given In subsequent paragraphs on succeeding pages.
Accelerated Group
On the Stanford Achievement Test: the Method I (Individual Instruc¬
tion) pupils showed a 2.02 difference In mean achievement in favor of
the post-test. On the pre-test achievement there was a difference
between the mean achievement of .14 in favor of the Method I (Individ¬
ual Instruction) group, with an Indicated "t" of .45 which was not
statistically significant.
On the Attitude Toward Subject Scale: The Method I (Individual
Instruction) pupils showed a 2.32 difference In mean performance In
favor of the post-test; whereas, the Method II (Restrictive Instruction)
pupils showed a 1.12 difference In favor of the post-test.
On the pre-test attitude towards subject there was a difference
In the mean performance of 4.51 In favor of Method I (Individual
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Instruction) group, with an Indicated "t" of 2.71 which was statisti¬
cally significant at the .01 level of confidence.
On the post-test attitude towards subject there was a difference
In the mean performance of 5.71 In favor of the Method I (Individual
Instruction) group, with an Indicated "t" of 3.04, which was statisti¬
cally significant at the .01 level of confidence.
On the Attitude Towards Programmed Materials Scale: There were
no data for Method I (Individual Instruction) group, there was a differ¬
ence In performance of 7.43 by the Method II (Restrictive Instruction)
group. In favor of the pre-test attitudes towards programed materials.
Above Average Group
On the Stanford Achievement Test: the Method I (Individual Instruc¬
tion) pupils showed a 1.72 difference In mean achievement In favor of
the post-test. On the pre-test mean achievement there was a differ¬
ence of .19 In favor of the Method I (Individual Instruction) group,
with an Indicated "t" of .92 which was not statistically significant.
On the Attitude Toward Subject Scale: the Method I (Individual
Instruction) pupils showed a 2.90 difference on mean performance In
favor of the post-test; whereas, the Method II (Restrictive Instruction)
pupils showed a difference of 5.50 In meanjperformance of 2.77 In favor
of the Method II (Restrictive Instruction) group, with an Indicated "t"
of 2.54 which was statistically significant at the .05 level of confi¬
dence.
On the post-test Attitude Toward Subject Scale: there was a dif¬
ference In thei mean performance of 4.63 In favor of the Method I (Indi¬
vidual Instruction) group, with an Indicated "t" of 2.39 which was
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statistically significant at the ,05 level of confidence.
On the Attitude Toward Programmed Materials Scale: there was no
data for Method I (Individual Instruction) group, there was a difference
in mean performance of 14.12 of the Method II (Restrictive Instruction)
group in favor bf the pre-test attitude toward programmed materials.
Average Group
On the Stanford Achievement Test: the Method I (Individual Instrue
tlon) pupils showed a 1.27 difference in mean achievement, in favor of
the post-test whereas, the Method II (Restrictive Instruction) pupils
showed a difference of .60 in mean achievement in favor of the post-test
On the pre-test mean achievement there was a difference of .10 in favor
of the Method II (Restrictive Instruction) group, with an Indicated "t"
of .74 which was not statistically significant. On the post-test mean
achievement there was a difference of .57 in favor of the Method I
(Individual Instruction) pupils, with an Indicated "t" of 3.03 which
was statistically significant at the .01 level of confidence.
oh the Attitude Toward Subject Scale: The Method I (Individual
Instruction) pupils showed a .26 difference on mean performance in
favor of the pre-test; whereas, the Method II (Restrictive Instruction)
pupils showed a difference of 1.66 in mean performance in favor of the
post-test.
On the pre-test Attitude Toward Subject Scale: there was a differ¬
ence in mean performance of 3.40 in favor of the Method I (Individual
Instruction) group, with an indicated "t" of 1.98 which was statisti¬
cally significant at the .05 level of confidence.
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On the post-test Attitude Toward Subject Scale: there was a dif¬
ference in the mean performance of 1.48 in favor of the Method I (Indi¬
vidual Instruction) group, with an indicated "t" of 1.29 which was not
statistically significant.
On the Attitude toward Programmed Materials Scale: the Method I
(Individual Instruction) pupils showed a 1.25 difference in favor of
the post-test; whereas, the Method II (Restrictive Instruction) pupils
showed a 13.07 difference in mean achievement In favor of the pre-test.
On the pre-test Attitude Toward Programmed Materials Scale: there was
a difference In mean achievement performance of 1.96 in favor of Method
II (Restrictive Instruction) group, with an Indicated "t" of 1.33 which
was not statistically significant. On the post-test Attitude Toward
Programmed Materials Scale: there was a difference in mean achievement
perfomance of 12.36 in favor of Method I (Individual Instruction)
pupils, with an indicated "t" of 6.53 which was statistically signifi¬
cant at the .01 level of confidence.
Slow Group
On the Stanford Achievement Test: Method I (Individual Instruc¬
tion) pupils showed a .82 difference in mean achievement In favor of
the post-test; whereas, the Method II (Restrictive Instruction) pupils
showed a difference of .88 In favor of the post-test. On the pre-test
achievement there was no difference between the mean achievement of
the Method I (Individual Instruction) pupils. On the post-test achieve¬
ment there was a difference of .06 In favor of the Method II (Restric¬
tive Instruction) pupils, with an Indicated "t" of .40 which was not
statistically significant.
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On the Attitude Toward Subject Scale; the Method I (Individual
Instruction) pupils showed a difference of 11.82 In favor of the post¬
test; whereas, the Method II (Restrictive Instruction) pupils showed
a difference In mean performance of .43 in favor of the post-test. On
the pre-test Attitude Toward Subject Scale: there was a difference In
the mean performance of 5.07 In favor of the Method II (Restrictive
Instruction) pupils, with an Indicated "t" of 1.61 which was not statis¬
tically significant.
On the post-test Attitude Toward Subject Scale: there was a dif¬
ference In mean performance of 6.32 In favor of the Method .1 (Individual
Instruction) pupils, with an Indicated "t" of 2.15 which was statistical¬
ly significant at the .05 level of confidence.
On the Attitude Toward Programmed Materials Scale: the Method I
(Individual Instruction) pupils showed a difference of 5.55 In favor
of the post-test; whereas, the Method II (Restrictive Instruction)
pupils showed a difference of 7.37 In favor of the pretest.
On the pre-test achievement there was a difference between the
mean achievement of 4.19 In favor of the Method II (Restrictive Instruc¬
tion) pupils, with an Indicated "t" of 1.49 which was statistically in¬
significant. On the post-test of Attitudes Toward Programmed Materials
Scale: there was a difference in mean performance of 8.73 In favor of
the Method I (Individual Instruction) pupils, with an Indicated "t" of
2.15 which was statistically significant at the .05 level of confidence.
Total Groups
On the Stanford Achievement Test; the Method I (Individual Instruc¬
tion) pupils showed a 1.34 difference In mean achievement In favor of
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the pest-test; whereas, the Method II (Restrictive Instruction) pupils
showed a 1.12 difference in favor of the post-test. On the pre-test
mean achievement there was a difference of .10 in favor of the Method I
(Individual Instruction) pupils, with an indicated "t" of 1.13 which was
not statistically significant. On the post-test mean achievement there
was a difference of .32 in favor of the Method I (Individual Instruction)
pupils, with an indicated "t" of 2.50 which was statlstlcilly signifi¬
cant at the .01 level of confidence.
On the Attitude Toward Subject Scale: the Method I (Individual.
Instruction) group showed a 2.32 difference on mean performance in favor
of the post-test; whereas, the Method II (Restrictive Instruction) group
showed a difference of .13 in favor of the post-test.
On the pre-test Attitude Toward Subject Scale: there was a differ¬
ence in mean performance of 1.55 in favor of the Method I (Individual
Instruction) pupils, with an indicated "t" of 2.15 which was statisti¬
cally significant at the .05 level of confidence. On the post-test
Attitude Toward Subject Scale: there was a difference in the mean per¬
formance of 3.74 in favor of the Method I (Individual Instruction)
pupils, with an Indicated "t" of 3.60 which was statistically signi¬
ficant at the .01 level of confidence.
On the Attitude Toward Programmed Materials Scale: the Method I
(Individual Instruction) pupils showed a 1.38 difference in mean achieve¬
ment in favprcof the post-test; whereas, the Method II (Restrictive In¬
struction) pupils showed a 10.58 difference in favor of the pre-test.
On the pre-test Attitude Toward Programmed Materials Scale: there was
a difference in the mean performance of .43 in favor of the Method II
(Restrictive Instruction) pupils, with an indicated "t" of .74 which
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was statistically insignificant. On the post-test Attitude Toward
Programmed Materials Scale: there was a difference in the mean perfor¬
mance of 11.53 in favor of the Method I (Individual Instruction) pupils,
with an indicated "t" of 6.82 which was statistically significant at
the .01 level of confidence.
Summary
The procedure used in Method I (Individual Instruction) was superior
in fostering pupils' total achievement and in their development of whole¬
some attitudes toward both the subject and the programmed materials. The ■ ■
pressing need at present is to find that point of readiness at which
the learner should begin to use segments of programmed materials so that
he can realize his best potential. This might be done with diagnostic
testing and pre-testing. When this has been done, there will be a need,
as there is now, for programmed courses that are appealing and meaning¬
ful at all levels of ability.
Achievement and Attitude of Sixth-Grade Pupils in
Conventional and Contemporary Mathematics Programs^
When contemporary mathematics programs were introduced at the
elementary level, the question raised most was, "What will happen to
computational skills?"
The purpose of this study was to provide a factual basis for
answering this question and three others that reflect some of the major
lAnn D. Hungerman, "Achievement and Attitude of Sixth Grade Pupils
in Conventional and Contemporary Mathematics Programs," The Arithmetic
Teacher. XIV (January, 1967), 30-39.
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TABLE 5
COMPAEATIVE QUANTITATIVE DATA OF COMPARISON OF MEAN













a. 1963 29 8.15 35 7.99 .45
b. 1964 29 10.17 35 10.12 .33
2. Attitude toward
subject
a, Fre 29 47.89 35 43.38 2.71*
b. Post 29 50,21 35 44.50 3.04*
3. Attitude toward
programmed materials
a. Fre mm mmmm 35 36.73





a. 1963 32 7.37 33 7.18 .92
b. 1964 32 9.09 33 8.33 3.25*
5. Attitude toward
subject
a, Pre 32 43.19 33 45.96 2.54**
b. Post 32 46.09 33 41.46 2.39**
6. Attitude toward
programmed materials
a, Pre 33 43.65
b. Post «• m mmmm 33 29.53
Average sections
7* Stanford Achievement
a. 1963 67 6.31 63 6.41 .74
b. 1964 67 7.58 63 7.01 3.03*
8. Attitude toward
subject
a. Pre 67 46.20 63 42.80 1.98**
b. Post 67 45.94 63 44.46 1.29
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a. Fre 67 41.44 63 43.40 1.33
b. Post 67 42.69 63 30.33 6.53*
Slow sections
10. Stanford Achievement
a. 1963 21 4.98 23 4.98 .00
b. 1964 21 5.80 23 5.86 .40
11. Attitude toward
subject
a. Fre 21 35.33 23 40.40 1.61
b. Post 21 47.15 23 40.83 2.15**
12. Attitude toward
programmed materials
a. Fre 21 38.18 23 42.37 1.49
b. Post 21 43.73 23 35.00 2.44**
Total sections
13. Stanford Achievement
a. 1963 149 6.81 154 6.71 1.13
b. 1964 149 8.15 154 7.83 2.50*
14. Attitude toward
subject
a. Fre 149 44.53 154 42.98 2.15**
b. Post 149 46.85 154 43.11 3.60*
15. Attitude toward
programmed materials
a. Fre 88 41.32 86 41.75 .74
b. Post 88 42.70 86 31.17 6.82*
^Slgnlfleant at the .01 level.
**Slgnifleant at the .05 level.
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Issues in the current controversy over the value of the newer elementary
mathematics programs.
1. Will pupils studying contemporary mathematics maintain
achievement in conventional arithmetic, particularly
computational skills, comparable to that of pupils
studying conventional arithmetic?
2. Are the newer mathematical ideas, 83nnbols, and vocabu¬
lary equally suitable for pupils of all Intelligence
levels and all socioeconomic backgrounds?
3. What effect are contemporary mathematics programs
having on attitude toward mathematics?
4. Are conventional arithmetic achievement, contemporary
mathematics achievement, and attitude toward methematlcs
related in any way?
A comparative study was designed, measuring variables of intel¬
ligence, socioeconomic background, conventional arithmetic achievement,
contemporary mathematics achievement, and attitude toward mathematics,
for a group of pupils who had studied contemporary mathematics including
programmed mathematics Instruction, against similar data for a control
group of pupils who had not had any such experience. The School Math¬
ematics Study Group, SMSG, along with programmed methematlcs instruc¬
tion was chosen as the experimental course of study.
This nationally piloted program was one of the most influential
and one of the earliest, permitting selection of an experimental group
with three years of contemporary mathematics experience.
Procedure
The sample group Included pupils of average Intelligence, from
two metropolitan Detroit area school systems of similar size (fifteen
to twenty elementary schools), and of average to somewhat-above-average
socioeconomic level. The experimental group consisted of ten classes
45
(N s 305) of sixth-grade pupils who had studied the School Mathematics
Study Group program during Grades 4, 5, and 6. The control group con¬
sisted of ten classes (M <= 260) of sixth-grade pupils who had studied
a conventional arithmetic program during Grades 4, 5, and 6.
The California Test of Mental Maturity and the California Arith¬
metic Test were administered In March 1965. The California Contemporary
Mathematics Test and the Alken-Drrger Mathematics Attitude Scale, re¬
vised for use at the elementary level, was administered In April 1965.
Warner's socioeconomic scale, based on the occupation of the family's
main wage earner, was employed to collect socioeconomic data. The
California Test of Mental Maturity was selected In order to obtain
verbal and nonverbal subscores as well as a measure of total Intelli¬
gence .
The California Arithmetic Test, a good Instrument for surveying
performance In fundamental operations...easily administered and scored,
had the advantage of Involving a minimum of reading, and having Indi¬
vidual tests which facilitated analysis of results by separate sub¬
scores for the various operational skills. Ten scores were collected:
Classification No. of Items
Fart I. Reasoning
Test 1. Meanings 15
Test 2. Signs and symbols 15
Test 3. Problems 15
Total reasoning Items 45
Fart II. Fundamentals
Test 4. Addition 20
Test 5. Subtraction 20
Test 6. Multiplication 20
Test 7» Division 20
Total iSundamentals 80
Total California Arithmetic Test 125
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The search for a contemporary-mathematics achievement test not
oriented to any specific program of contemporary mathematics revealed
two in the process of being published. The California Test Bureau
agreed to release the research form of their contemporary mathematics
test for use in this study. To permit a more meaningful interpreta¬
tion of the results, the forty-two items were classified according to
the basic mathematical idea involved and the type of symbolism and
vocabulary used. The basic mathematical ideas were numeration, base
10; numeration, base x; geometry, nonmetric; number systems and proper¬
ties; measurement; graphs; other (logic and modulo). The symbolism and
vocabulary were designated as contemporary if understanding of the new
symbol or vocabulary term/s was a necessary condition for the correct
solution of the problem. The remainder of the items were classified
as having conventional symbolism and vocabulary. Thus tan scores were
collected:
Classification Number of Items
Numeration, base 10 3
Numeration, base x 3
Geometry, noninetric 5
Number systems and properties 23
Measurement 3
Graphs 3
Other (logic and modulo) 2
Total California Contemporary
MathematicsT st.. 42
A Likert-type mathematics attitude scale, in which one Indicates
agreement or disagreement with every statement, appeared simpler and
easier for elementary pupils to take than the Thurstone type. The Aiken-
Deeger Attitude Scale was used as a model, but revised for use at the
elementary level. The vocabulary was adjusted by means of interviews
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with sixth-grade pupils of varying reading ability. Pre-tests of this
revised instrument produced a reliability coefficient of .89. No prob¬
lems of reading difficulty arose in the pre-test or the final study.
The Mathematics Attitude Scale consisted of twenty items concerning
arithmetic. Reacting to each statement with agreement or disagreement
on a five point scale resulted in scores from a possible minimum of
twenty to a maximum of one hundred. Statistically significant chi-squares
proved discrimination power of all twenty items to be satisfactory.
Descriptive Data
Preliminary analysis of descriptive data reported in Table 6,
Page 54, revealed an advantage favoring the control group in intelli¬
gence and socioeconomic level. Results were therefore analyzed using
a covariance program which adjusted for the differences in these two
variables. The California Test of Mental Maturity results Indicated
no substantial Incidence of pupils having a higher non-language I.Q.
than language or total I. Q. Furthermore, the total I. Q. was found
to correlate more highly with achievement than either intelligence
subscore and was subsequently used as the Intelligence covariant in
final analyses.
Intercorrelations were computed for all variables; and data were
also analyzed by subgroups of sex. Intelligence, and socioeconomic level.
Findings
The quantitative measures for the data summarized below under
captions: California Arithmetic Test, Contemporary Mathematics Test,




The control group, with data controlled for Intelligence,
achieved significantly higher than the experimental grou^
on five of the ten conventional arithmetic test scores:
Reasoning; Fundamentals (computation); Signs and Symbols;
Subtraction. For Individual tests of addition, multipli¬
cation, division, problems, and meanings, the differences
were not significant.
Item analysis of unadjusted data revealed a difficulty
rank order which was quite similar for both treatment
groups. Generally, the whole-number problems were easi¬
est, the rational numbers more difficult, and decimals
and denominate numbers least successful, but not equally
for both groups. The discrimination rank order scale
data Indicated that:
a) The control group was favored on most Items of
the four computational tests, but the trend was
reversed, favoring the experimental group, on
eighteen of the twenty Items. The number of such
Items was greatest In division, six, and multipli¬
cation, five; fewer In addition, four; and least In
subtraction, three,
b) Of the twenty Items (five from each test) which gave
them their greatest advantage over the experimental
group, eleven were whole-number problems. Including
money and denominate number problems; eight were ration¬
al numbers problems (three addition, three subtrac¬
tion, and two multiplication); and one was a decimal-
fraction division problem.
c) Of the eighteen Items favoring the experiment group
by any margln(these Items analysis data were unadjusted
for the control advantage In Intelligence), two were
whole-number problems (two multiplication and five
division), and nine were decimal-fraction problems
(three addition, three subtraction, two multiplica¬
tion, and one division^.
c Examination of the textbook studied Indicated that these
performances were closely related to the scope and emphases
of the program each treatment group had followed.
When the California Arithmetic Test data were analyzed
by sex. Intelligence, and socioeconomic subgroups, their
performance followed a rank order pattern of ability, rather
than of background or sex. Thus, the girls In each treatment
group achieved higher than the boys in most scores but also
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had a higher mean I. Q. In two tests, a departure from the
ordinary pattern was evident. Subtraction significantly
discriminated the Experimental boys, the sex subgroup with
the lowest I.Q., from the other subgroups. Division signi¬
ficantly discriminated the Control girls, the sex subgroup
with the highest I.Q., from the other three subgroups.
California Contemporary Mathematics Test
2. The experimental group, with data controlled for Intelli¬
gence, achieved significantly higher than the control
group on seven of ten contemporary mathematics test scores:
Ntoneration using base 10, Non-Metric geometry. Number sys¬
tems and properties. Other (logic, modulo). New symbolilsm
and vocabulary Items, and Conventional symbolism and vocabu¬
lary items. Differences were not significant for three
scores: Numeration using base x. Measurement, and Graphs
(Tables 6 and 7).
Item analysis of unadjusted data produced a difficulty rank
order that was less similar for the treatment groups than
In the California Arithmetic Test. Graphs appeared the easi¬
est content area for both groups and base x the most difficult.
Other content area ranged dissimilarly for the two groups.
The experimental group had no more difficulty with new symbol¬
ism and vocabulary than with the conventional. For this group,
the ratio for contemporary Items was 12:9 for both the more
and less difficult halves of their difficulty rank order scale.
The control group understandably demonstrated difficulty with
new symbols and vocabulary, their ratio for contemporary
items to conventional items being 7:14 for the less difficult
half of their scale and 17:4 or more than 4:1, In the more
difficult half of their scale.
The discrimination rank order scale indicated that most Items
favored the experimental group, although the trend was re¬
versed on nine of the forty-two Items.
a) The majority of the ten Items favoring the experi¬
mental group by the largest differences contained
distinctly contemporary material such as value and
use of negative Integers, factorization, non-metrlc
geometry. Intersection of setsv and expanded nota¬
tion.
b) The nine Items favoring the control group Included
more conventional areas such as graphs, per cent
problems, value of the denominator, area of a rec¬
tangle.
When California Contemporary Mathematics Test data were
analyzed by subgroups, there was no consistent pattern to
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support the superiority of any Intelligence, socioeconomic,
or sex subgroup. The most frequent pattern of differences
favored both sexes, experimental over both sexes control.
It Is interesting to note that in contrast to California
Arithmetic Test results, the boys achieved higher than the
girls in both treatment groups, although their I.Q. was
lower. These differences were not significant but occurred
in sixteen of thirty scores, favoring experimental boys over
experimental girls, when both had studied the material, and
in twenty-two of thirty scores, favoring control boys over
control girls when neither had studied the material. This
was. a test of contemporary mathematics material not studied
by the control group.
Mathematics Attitude Scale
3. There was no significant difference between treatment
groups in attitude toward mathematics. There was a signi¬
ficant difference within the experimental group favoring
the high Intelligence subgroup over the low intelligence
subgroup (Table 8).
A comparison of the ranges of attitude scores for experi¬
mental and control classes revealed that the mean high
score for the ten experimental classes (95.8) was higher
than that for the ten control classes (94,9). The mean
low score for the ten experimental classes (33.3) was
lower than that for the ten control classes (35.4). This
indicated a wider range of attitude for the experimental
group, exceeding the control group limits at both extremes
of the scale.
4. Correlation data revealed a marked positive relationship
between I.Q. and conventional arithmetic achievement for
both groups; a marked positive relationship between I.Q.
and contemporary mathematics achievement for the experi¬
mental group, but a moderate positive one for the control
group and total sample for the same variables. Correla¬
tion data also revealed a low positive relationship
between I.Q. and attitude toward mathematics for experi¬
mental, control, and total groups (Table 9).
5. Correlation data revealed a low positive relationship
between socioeconomic level and conventional arithmetic
achievement. Correlations for socioeconomic level with
contemporary mathematics achievement and with attitude
toward mathematics were negligible.
6. The relationship of conventional arithmetic achievement
with contemporary mathematics achievement was a moderate
positive one for the control group and marked positive
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for the experimental group. Attitude toward mathematics
demonstrated only a low positive relationship with either
conventional arithmetic, or contemporaory mathematics
achievement.
Conclusions
1. Achievement data significantly favored the control group
in the area of conventional arithmetic and the experimental
group in the area of contemporary mathematics.
2. Achievement^ both conventional and contemporary, demonstrated
a marked positive relationship to intelligence and appeared
closely related to the scope and emphasis of the textbook
studied.
3. Attitude toward mathematics was similarly positive for both
treatment groups and appeared to be less a function of achieve¬
ment or the type of mathematics program studied than might
have been expected.
4. Socioeconomic level demonstrated little or no relationship
to either achievement or attitude toward mathematics.
Discussion
In the light of these findings and conclusions, how can the four
questions raised at the beginning of this article be answered?
Will pupils studying contemporary mathematics maintain achieve¬
ment in conventional arithmetic, particularly computational skills,
comparable to that of pupils studying conventional arithmetic?
Since 'the experimental group performance did not equal that of
the control group on computational score of the California Arithmetic
lest, the answer must be. No, in this case they did not maintain com¬
parable computational skills, and, presumably, other pupils in the
future would not either unless the program was modified.
Are the newer mathematical ideas, symbols, and vocabulary equally
suitable for pupils of all intelligence levels and all socioeconomic
backgrounds?
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The value of contemporary mathematics programs for children of
varying socioeconomic background and Intelligence level is reflected
in the Inter-correlatlon and other data collected In this study*
The low correlation for socioeconomic level with conventional
arithmetic achievement and with intelligence, and the negligible corre¬
lation of socioeconomic level with contemporary mathematics achievement
and attitude toward mathematics suggest that socioeconomic level not
be a criterion by which curriculum 'decisions are made concerning con¬
temporary mathematics.
Relevant to ability levels, the experimental group correlation
for I. Q. and conventional arithmetic achievement was .71, while its
correlation for 1. Q. and contemporary mathematics achievement was .68.
This indicates performance was related to ability in contemporary
mathematics to approximately the same degree that it was in conventional
arithmetic. However, examining attitude toward mathematics, the only
significant difference occurred between the high and the low 1. Q.
sub-groups within the experimental group.
The answer to this part of the question, then, is that contem¬
porary mathematics is equally suitable for all ability levels if only
achievement is measured. If attitude is considered, this program
was not as satisfactory for the lower ability pupils as it was for the
upper ability pupils.
What effect are contemporary mathematics programs having on atti-
tuddc toward mathematics? Contemporary methematlcs appears not to have
had any significant effect on attitude toward mathematics, with the one
exception noted above.
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Examining attitude data, one might ask why the correlation of
attitude and achievement was not higher than .2 or .3, or why the
correlation of attitude and intelligence was also at that low level.
If this was because some of those with less ability and low achieve-
ment like mathematics as well as those with the greatest ability and
high achievement, this Is a valuable goal to have reached. If, however.
It suggests that those with the greatest ability who have demonstrated
high achievement may nevertheless lack the motivation to continue study¬
ing mathematics at higher levels, this problem must be recognized. The
role of attitude and its relationship to future specialization In the
field of mathematics needs to be explored further.
Are conventional arithmetic achievement, contemporary mathematics
achievement, and attitude toward mathematics related In any way?
Yes, there Is a relationship, marked for the experimental group
and moderate for the control, between conventional and contemporary
mathematics achievement. There Is also a relationship, albeit not




COMPARATIVE QUANTITATIVE DATA OF COMPARISON OF MEANS
BY TREATMENT GROUP OF RESEARCH (4)
Group
Analysis of variance (d£ » 564)
M Mean Effect S.D. F P
Socioeconomic
level
Exp,——————— 4.23 0.40 1.77 2970 .01=
Con, —— 3.37 -0.46 1.98
Language I.Q.
(df = 606)
Exp. ——— —— 103.24 -1.91 14.49 13.00 .01
Con, 107.48 2.33 14.32
Nonlanguage I.Q,
(df =» 606)
Exp, ————— 100.90 -1.65 15.61 8.45 .01
Con, 104.56 2.02 15,25
Total I.Q,
Exp, — ——— 102.76 -1.82 14.74 10.10 .01
Con, ————— 106.71 2.13 14.66
Age(C.A. in
months
Exp. ————— 142.93 0.27 5.39 1.61 NS
Con, ——————— - 260 142.35 -0.31 5.39
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TABLE 7
COMPARATIVE QUANTITATIVE DATA FROM ANALYSIS OF THE































9,96 .611 10.15 2.76 2.31 NS
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COMPARATIVE QUANTITATIVE DATA FROM ANALYSIS OF THE CALIFORNIA
ARITHMETIC TEST, PART II, OF RESEARCH (4)
I.Q.























































Exp. N = 305
Con. N = 260
Variance d£ » 564
Covariance df » 563
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TABLE 9
COMPARATIVE QUANTITATIVE DATA FROM ANALYSIS OF THE CALIFORNIA









Exp, ————— 15.42 .475 15.76 5.47 174.24 .01
Con. ———~ 11.63 11.23 4.05
CCMT, numeration.
base 10
Exp. ————— 1.49 .368 1.54 0,96 51.60 .01
Con. ——— 1.08 1.02 0.89
CCMT, numeration.
base X
Exp. ———— 0.42 -.004 0.42 0.61 0.06 NS
Con, ————— 0.40 0.40 0.59
CCMT, geometry
Exp, ——— 2.09 .230 2.12 1.19 54.14 .01
Con. ————— 1.48 1.44 1.08
CCMT, number
systems and properties
7,85 .384 8.02 3.35 181.85 .01
Exp, N - 305, Variance df » 564,
Con. N - 260 Covariance df == 563.
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TABLE 10
COMPARATIVE QUANTITATIVE DATA FROM ANALYSIS OP THE CALIFORNIA
CONTEMPORARY MATHEMATICS TEST AND TWO
SUBSCORES OF RESEARCH (4)
Group Mean
I.Q.
























































Exp, N » 305, Variance df » 564,




COMPARATIVE QUANTITATIVE DATA FROM ANALYSIS OF THE
MATHEMATICS-ATTITUDE SCALE OF RESEARCH (4)
Group N Mean
Adjusted
Mean* S.D. F P
Treatment
1. Experimental — 305 69.86 70.35 17.38 0.33 NS
2. Control ——— 260 71.70 71.13 15.51
Sex
1. Exp. boys ——- 157 69.56 70.37 17.36 0.15 NS
2. Exp, girls —— 148 70,18 70.37 17.40
3. Con, boys —— 135 71.64 71.45 15.37
4. Con, girls — 125 71.77 70.78 15.65
Intelligence
1. Exp, high ------ 154 72.42 72.29 16.31 1.63 NS
2. Exp, low ——— 151 67.25 68.33 18.04
3. Con, high —— 132 72.23 71.11 15.56
4. Con. low — 128 71.16 71.20 15.43
Socioeconomic
1. Exp, high — 160 71.48 71.96 16.27 1.24 NS
2. Exp, low ———' 145 68.07 68.57 18.37
3. Con, high —— 136 72,26 71.32 15.20















Sex ——————— 0.31 -1.07 -1,10 -0.75 -0.79 -0.06
Intelligence ———- 2.62 0.10 0.66 -2.46 -1.92 0.55
Socioeconomic ——— 1.71 -0.42 0.20 -2.07 -1.43 0.61




COMPARATIVE QUANTITATIVE DATA OF INTERCORRELATIONS
OF DESCRIPTIVE AND FINAL VARIABLES BY
EXPERIMEINTAL CONTROL AND TOTAL


















Socio¬ Exp, -.22 -.26 -.26 .18 -.24 -.18 -.09
economic Con. -.20 -.14 -.19 .09 -.23 -.13 .00
Level Total -.249 .145 -.267 -.060 -.063
Language Exp. .66 193 .31 .66 .63 .20
I.Q. Con.
Total
.68 .93 -.34 .72 .33 .15
Total Exp, -.30 .71 .68 .27
I.Q. Con. -.34 .77 .40 .20
Total -.320 .741 .475 .244
Age Exp, -.28 -.19 -.07
Con. -.32 -.08 -.09
Total -.298 -.118 -.082





Some Guidelines for Selecting a Programmed
Text In Mathematics^
There are now over one hundred programmed texts available for
use In mathematics classes from early elementary school through college.
This article should contribute In subsidiary ways as well as sug¬
gest some standards for use of programmed Instruction In mathematics.
Mathematical Competence of Author of Programmed Materials
In studying any publication, many people tend to glance at the
title page and preface first. Here are some guide lines for evaluating
relevant Information to be found there.
It Is possible sometimes to obtain early clues to the quality of
a program by Identifying the author. Here Is a sample of questions
that should be raised In this context:
a) Hhat is the author's mathematical competence?
b) What Is his teaching experience?
c) What are his other publications?
d) What Is his Institutional affiliation?
The Implications of the first three questions should be obvious.
A fundamental consideration In selecting Instructional material of
any kind is the adequacy and accuracy of the mathematical exposition.
The competent author of mathematics materials must know mathematics,
be able to write with keen perceptions for the teaching-learning
process, and have teaching experience relevant to the program's content.
^Robert BLalln, "Some Guidelines for Selecting a Programmed Text
In Mathematics," The Mabhematlcs Teacher. LIX (January, 1966), 14-23.
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Reasons for raising the fourth question—'institutional affili-
ation->may be less obvious. Almost all of the novel programmed in¬
struction is the development of writing staffs in publishing firms.
Some regard this as unfortunate in the belief that the school or college
teacher writing under conventional royalty arrangements has experiences,
competencies, and motivations that result in better writing than that
by the anonymous salaried employee of a publisher.
Others strongly assert that such is not the case. There are
occasional advantages in the use of teams of authors who complement one
another in areas of competence. Such was the opinion of the School
Mathematics Study Group among others.
Whatever the argument, the prospective purchaser has a right to
know who did the writing--know in the sense of being provided with in¬
formation about the author^, as is normal in conventional publications,
and about the circumstances surrounding their efforts.
None of the above is Intended to penalize the inexperienced mathe¬
matics Instructor writing his first programmedctext. The truly ques¬
tionable author is the programming specialist who knows little mathematics,
even though he may be experienced in the art of programming.
Criteria of Printing-Art Excellence in Professional Materials
The publishing Industry has developed techniques that have helped
in the production of quality textbooks. These same techniques should
also be used with programmed materials. The evaluator of a program
should be able to determine from the preliminaries, or a quick glance
through the volume, whether this is the case.
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a) Has the program been reviewed by competent
mathematicians and teachers?
b) Is the art work pleasing to the eye and pertinent
to the content?
c) Are the editorial work and the printing of good
quality?
Publishers frequently have mathematicians and/or mathematics
teachers serve as consulting editors, or they call upon others for
Independent reviews. If competent and perceptive, such consultants
spot Inaccuracies and constructively criticize Inadequate mathematics
or mathematical writing. They suggest stylistic changes, recommend
revision of mathematical expositions or of topic sequences, and show
the need for new exercises. Indeed, if the text is deficient, they
recommend against publication. The preface or perhaps the teachers
guide should state to what extent such procedures have been used.
A publishing firm, working with its printers, editors, and
artist, should have the capacity to publish quality products in terms
of format. Good mathematics can lose its instructional potential if
poorly displayed on the printed page.
None of this is intended to suggest that the evaluator of a pro¬
grammed text automatically downgrade the inexperienced publishing
house of potential merit. Here is a circularity where the good publish¬
er tends to produce good publications which in turn identify the good
publisher. It is not recommended that the purchaser break the cycle by
buying only the off brand names. Rather he should look for the author
selectivity, the consultant critiques, and the artistic printing that
are the trademarks of the good publisher.
There is another problem: it has been said that a few publishers
have sprung into existence in a hurried attempt to get in on what
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appeared to be a programming bandwagon. It Is likely that some may be
fly-by-night affairs. Hence, the evaluator of programs should not only
seek out good publishing techniques; as a prospective purchaser he should
also demand continuity of quality products.
Do the following standard reference aids exist?
a) Table of contents
b) Pagination (as well as frame numbers)
c) Index
d) Chapter and section headings
e) Glossary
f) Bibliographies
A typical characteristic of programmed material is a sequence of
finely developed questions, each followed by an opportunity for student
response and a verification of his response. This inherent attribute
of programming not only makes skimming difficult but easily doubles
the reading time of the careful reviewer.
Even though such reference aids as a table of contents thereby
become all the more helpful, they have been omitted from many programs.
A reader should be able quickly to gain an impression as to the pro¬
gram's contents; thus a table of contents is necessary. He should be
able to determine which frames cover a particular topic; hence pagi¬
nation and an index are necessary. He should be given a hint as to
what content is coming next; therefore, chapter and section headings
are required.
Text Guides and Text-Manuals (programmed)
Particularly at the elementary and to a lesser extent at the second¬
ary school level, there has been a trend of late for textbook publishers
to provide a guide with a textbook. Either attached to or separate from
the text, such guides can contain valuable suggestions which help teachers
use the text
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For many years now, publishers of standardized tests have pro¬
vided extensive manuals describing the developmental and normlng pro¬
cedures, and specifying the manner In which the test should be ad¬
ministered.
It has been natural for the programmed Instruction movement to
embrace both the text-guide and the test-manual concepts. Accompanying
some programs have been handbooks with varying forms of auxiliary de¬
scriptive literature. A good handbook can prove the next convenient
basis on which to judge a program. It should answer such questions
as the following:
a) What Is the mathematical content of the program?
b) What were the Inst ructlonal goals?
c) What behavior should the student exhibit upon completing
the program?
d) What Is the Instructional strategy?
The origin of programmsddInstruction In the discipline of
learning psychology has led to use of such phrases as "shaping behavior,"
"structuring goals," "achieving objectives," Many programmers have
seriously tried to use these psychological concepts In their writing.
The extent to which an author succeeds In this attempt should be limited
only by the Incomplete theories of learning psychology as related to
progranmlng. This must be the case If programmed Instruction Is to
be more than novel artistry.
In any event, one should be able to determine from the handbook
whether the author has given serious advance thought to what he wants
a student to know and to be able to do as a result of studying the
program. The author may wish to provide this In behavioral terns.
He should at least make available the jirbgram's mathematical content.
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as In a table of contents but In greater detail, with every fundamental
concept clearly specified.
The author should also state his strategy of Instruction. Reason:
The format of programmed Instruction makes it difficult to determine
why the author asks particular questions in a particular sequence.
At least one written test should be supplied with the program.
Whenever possible, subsets of items should be keyed to the content outline.
This would help the reader to judge more specifically what the student is
expected to learn. Even with the best of intentions, the prestated goals
of the author may not turn out to be those of the program he creates.
Reading the outline, studying the criterion test, and then skimming the
program will help the reader make his own judgment of what the program
will accomplish.
What planning was done in advance of the writing? The advance
structuring of achievement objectives and detailed outlining of the
programmed sequence serve still another purpose: they help the author
develop his program. The author of a conventional text is likely to
make similar advance plans. But, since a program contains many sequences
of questions heading toward specific learning goals, with each question
supposedly making its unique contribution, advance plans for a program
are a must. The author should let the reader know how he proceeded in
this regard. The handbook should, therefore, specify such items as
these: people consulted, analysis of the subject matter, reviews of
preliminary plans, and the strategy of the final mathematical and peda¬
gogical sequence.
Tryout and Field-Test of Programmed Materials
Was there a revision following a tryout with some students? When
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did the tryout occur? With what kind of students? Who undertook the
tryout and the revision?
Remembering that the best laid plans often go astray, an author
should at an early stage try out his program with a few students. Such
a trial involves many considerations, and should be carefully done by
someone with keen insights into the teaching-learning process in math¬
ematics. A competent mathematician who does not quickly comprehend
student difficulties may fall to take advantage of data collected during
a student tryout. On the other hand, a mathematically weak author cot
perhaps revise his initial writing, but the revised program may end up
no better than a program written without revision by a mathematically
competent author.
It is critically crucial that the tryout occur rather early in
the writing process. Should too much be done first, then the author
may have committed himself along an Instructional sequence that would
have been rejected by an earlier tryout. At such a late stage the
author may not recognize the need for a new sequence and may merely try
to shuffle or revise individual frames.
a) Was there a field test?
b) With what students?
c) With what criterion test?
Reasonably technical Information should be available here. The
prospective user should be able to determine:
The characteristics of students who studied the program (a program
field-tested with one kind of student may be completely worthless for
other students). Information should be given as to schools, age groups,
and grade levels from which the students were chosen; the tests that
selected them; the previous knowledge they had.
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The criterion test used (student performance on one kind of test
may be completely meaningless; or a different sort of student achieve¬
ment may be desired by the e::pected user).
The physical and instructional conditions surrounding program
and criterion-test administration. The prospective user may not want
or be able to duplicate required conditions.
An Intensive study of the criterion-test can provide much infor¬
mation about the kind and quality of the program. Care must be exercised
here. A criterion-test that is poor may not imply that the program is
poor. If a program is of superior quality, then, it is still incomplete
without a good test.
Factors in the Evaluation of Programmed Materials
This study of the criterion-test should Include a careful compari¬
son of that test with the program to see that it properly samples the
instructional content of the program without being a direct replication
of it.
No program should be evaluated in a vacuum. The reviewer should
do his evaluation with some particular use in mind. The field-test
descriptions previously mentioned can provide a model for potential
use by providing such information as:
a) The grade levels and courses with which the program was tused;
b) The prerequisite knowledge the students had;
c) The purposes for which the program was used (remedial, enrichment,
regular unit of a standard course, and so forth);
d) The other instruction, if any, with Which the program was
combined (lecture, discussion, homework, classwork, recitation;
film strip, and so forth);
e) The way in which the various Instructional modes were combined;
f) The kinds of advance preparations that were used;
g) Whether a machine was used.
Thus, the revlewet should ask such questions as these:
a) What advance preparations are needed for administration of
the program?
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b) Is any special equipment necessary?
c) How can the program be administered? As homework?
Group paced or Individuallypaced?
d) How much time Is necessary?
Many schools or teachers have been known to plunge into programmed
Instruction without any advance preparation. Machines have been pur¬
chased for which few programs were available. Programs have been
purchased for which machines are needed but not Immediately available.
Some programs have been accused of creating a boredom among students
which possibly could have been avoided by supplementary instruction
of a conventional sort.
In most tests of programmed Instruction, each student has been
allowed to proceed at a rate Independent of other students In a class.
The result In many cases has been an extreme range of completion time.
Some students have been known to complete year-long courses several
months before others. Teachers should be well advised to anticipate
and plan for this variation. The handbook must, therefore, provide
statistics on completion times based on student characteristics.
The field-test model need not be duplicated In all details,
however. Not all programmed Instruction needs to be self-paced. The
program need not be used only during class time, nor all period long.
Conventional Instruction neednnot be supplemented to the programmed
Instruction. In each Instance, the very opposite procedure may be
far superior. The evaluator of a program should be a competent math¬
ematics Instructor who can Imaginatively create new uses of a program
with different kinds of students under different Instructional modes.
In other words, the field-test model should prevent blind use,
not prevent Imaginative use.
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Some authorities have claimed that the per-ualt cost of programmed
materials Is more than that of a conventional text. It Is extremely
difficult to measure cost la terms of achievement obtained, but there
are some factors peculiar to programmed Instruction which must be taken
Into account In cost calculation. For example:
a) Is a machine necessary? If so:
1. Are there other iimable programs available?
2. How many students can use the machine at a time?
3. What Is the cost of any necessary maintenance service?
b) Are the programmed materials reusable?
c) Are separate response sheets necessary?
The reviewer must In time Intensively analyze the program Itself.
Early In the programmed Instruction movement It had been anticipated
that this task would be both scientific and simple. Many teachers
have foxmd numerous programs quite unsatisfactory. Programming special¬
ists have recently recognized that programming techniques have not
attained the status of a science, and that at this time they could
be thought of as little more than promising leads to follow In writing
programs or In conducting experiments.
Evaluation of 5 Programmed Units In Mathematics
The writer utilized the guidelines as outlined In Table 13,
page 73 , to evaluate five Programmed Units In Mathematics. The five
programmed units In mathematics reviewed were:
1. "A Programmed Unit on Binary Operations," Thomas Schneider,
Bedford High School, Detroit, Michigan.
2. "A Programmed Unit on the Fundamental of Calculus," Daniel
Kleppner, and Norman Ramsey, Harvard University.
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3. "The Number Systems of Elementary Mathematics,"
Edwin E. Molse, Reading, Massachusetts.
4. "Graphs and Statistics," Ruth A. Girard,
Sherman Oaks School, Los Angeles, California
5. "Set Equality," Roy Dublsch, University of Washington
The following results were obtained as a result of applying the
guidelines to the Programmed Units In Mathematics listed above:
Programmed Unit High Adequate Poor











The recommended acceptable standard for these guidelines was
that the number of high scores plus the number of adequate scores
obtained for a programmed unit should be greater than 70 per cent of
the total number of scofess.
Analysis of the Evaluation of Five
Erogrammed Units In Mathematics
Evaluation of the five programmed units In mathematics gave the
following results:
1. Programmed Unit 1 scored favorably on 7 out of 15 times,
or 47 per cent.
2. Programmed Unit 2 scored favorably on 5 out of 15/Items,
or 33 per cent.
3. Programmed Unit 3 scored favorably on 11 out of 15 Items,
or 73 per cent.
4. Programmed Unit 4 scored favorably on 9 out of 15 Items,
or 60 per cent.
5. Progrannied Unit 5 scored favorably on 4 out of 15 Items,
or 27 per cent.
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The rejection of Programmed Unit 1, resulted from ratings of
poor on Items 1, 2, and 3 of III-A, and 2, 3, 4, and 5 of II.
The rejection of Programmed Unit 2, resulted from ratings of poor on
items 1, 2f 3, 4, and 5 of^II; 1, 2, 3, and 4 of III-A, and 2 of
The acceptance of Programmed Unit 3, (the only acceptable unit of the
five evaluated) had ratings of poor on items 2 of I, 1 of II, and 1
and 2 of III-A. The four units rejected were inadequate in that the




A CONDENSED CHECKLIST OF GUIDELINES FOR THE ADEQUACY
OF FROGBAMNED MATHEMATICS MATERIALS
Guideline Questions
Implications of Answers
For Oualltv of Proeram
' High Adequate Poor
!• The Preliminaries
1. What Is the authors mathemati¬
cal competence? His education?
His Institutional affiliation?
2. Has the program been reviewed
by competent mathematicians and
teachers?
3. What Is the quality of the art,
design, printing, and edi¬
torial work?
4. Have the standard reference
aids been supplied? Are they
well done?
II. The Teacher's Guide
1. Are the Instructional goals
carefully outlined?
2. What Is the Instructional
strategy?
3. How and under what conditions
can the program be used?
4. How was the program planned,
developed, revised and field
tested?
5. Is the cost reasonable?
III. The Program
A. Style
1. Is the style Interesting?
2. H|ive provisions been made
for relevant nonprogrammed
activity?
3. Are there previews, reviews
pretest, quizzes, tests?
4. Is the vocabulary appropri¬
ate?
B. Sequence
1. Are the questions In the
sequence related so as to
reinforce one another and
to lead to the Instruc¬
tional objective?
2. Do the sequences fit the




Recapitulation of the Theoretical Bases
of the Research
Rationale
Together with the changes In the mathematics programs, changes
In the methods of teaching are strongly recommended. In 1966-1967,
more than one million pupils will be using prograimied materials. While
programmed materials can be used successfully In a number of different
ways, certain patterns of use have been found by teachers to be the
most effective.
Evolution of the Problem
The writer's interest in this study stemmed from attempts to
establish guidelines for selecting and evaluating programmed materials
to be utilized in teaching elementary and secondary mathematics.
Contribution to Educational Knowledge,
Theory or Practice
It is hoped that this study will be helpful to others Interested
in the teaching of elementary and secondary mathematics. It is further
hoped that some of the implications from this study can be utilized to
reach some of the objectives of our modern mathematics programs.
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Statement of the Problem
The problem Involved in this study was to determine by the
analysis of selected researches and research reports, the programs
and the teaching methods that are most effective In programmed math¬
ematics Instruction.
Purpose of the Study
The major purpose of this study was to determine which programs
and teaching methods were recommended by the selected researches. More
specifically this study proposed to:
1. Detemlne which patterns of use have been found by teachers
to be the most effective in the utilization of programmed
mathematics materials.
2. Develop some guidelines for selecting a programmed text in
mathematics.
3. Identify and characterize the implications for educational
theory and practice as derived from the interpretation of
the findings.
4. Formulate statements of conclusions and recommendations as
warranted by the analysis and interpretation of the data
collected during the research.
Definition of Terms
Significant terms used in this study are defined below.
1. "Programmed Instruction," refers to the method of arranging
instruction in a sequential form according to these principles
a) The materials contained in a program must be arranged
in a series of logical or psychological steps, each
of which may be successfully taken by the learner.
b) The learner must participate actively at each step
in the program, that is, he must choose the answer.
c) The learner must be reinforced after each answer by
knowing whether he has responded correctly.
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2. "New method," refers to the method wherein a great deal
of stress Is placed upon the unification and integration
of mathematical ideas and procedures, continuity, termi¬
nology and notation.
Recapitulation of the Locale and
Research-Design of the Study
The significant aspects of the locale and research-design of the
study are indicated below.
Locale and Period of Study
This study was conducted at Atlanta University, Atlanta, Georgia
during the 1966-1967 academic year, as well as the 1967 summer school
session.
Research Method
The Descriptive-Survey Method of research, employing the specific
tool of content analysis, was used to collect the data necessary to
the pursuit of this study.
Materials
The materials used in this study were four selected researches,
one mathematics report, five programmed units in mathematics, and thel
checklist.
Procedural Steps
The data necessary to the development of this study were gathered,
analyzed, interpreted, and presented through the following steps:
a) The pertinent related literature to this proposed study was
reviewed, abstracted, and presented in the final thesis copy.
b) The selected researches and report were analyzed to determine
the nature, scope, and organization of programmed mathematics.
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c) The derived data was organized and treated around the selected
researches.
d) The statement of the findings, implications, recommendations,
and conclusions derived from the analysis and interpretation
of the data were formulated and Incorporated in the final
thesis copy.
Summary of Related Literature
Significant points of view expressed in the literature are
characterized in the separate and numbered paragraph statements below.
1. The crisis in our science education is not imaginary, it is
a real crisis. We must put forth every effort to Insure
that the science education provided our schools is adequate
for our times.
2. Recently a considerable amount of research has been done in
the teaching of elementary and secondary mathematics. There
is an urgent need for continuing and increasing the amount
of research being conducted in these areas.
3. There is an awareness of the need for interdisciplinary
approaches to problems associated with the learning of
mathematics. An attack on these problems has been made
by social scientists, psychologists, and members of the
mathematical conanunlty.
4. It seems that the principal educational problems concerning
mathematics rest on decisions as to how much should be taught
and in what sequence, and not primarily on the capacity of
the pupils to grasp it.
5. One of the purpoted characteristics of a modern program in
elementary and secondary mathematics is a more effective
use of Instructional aids. The selection and use of in¬
structional aids is considered to be one of the Important
problems in elementary mathematics Instruction.
6. The nvunber and kinds of instructional aids produced within
the last decade has increased considerably. Some programs
s in mathematlds are directly related to the use of aids
developed in connection with the program.
7. Research findings concerning "old versus new" math, have
indicated that children studying a modem program achieved
as well as their conventional counterparts.
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Summary of Findings
The quantitative measures of the basic findings of this research
have been presented in Tables 1 through 13.
1. First Research — An analysis of the first research revealed
that it cannot be said that the utilization of programmed
materials in the seventh grade had any adverse effect upon
eighth grade achievement. On the contrary, it compared
favorably with the control method in all aspects.
2. Second Research — An analysis of the second research seems
to indicate that when the retention scores for the two treat¬
ment groups are adjusted for initial perfoinnances, the paired
students retained a significantly greater amount of the sub¬
ject matter than did the individuals. This supports the
earlier studies to the extent that the benefits of paired
learning are not to be found in Immediate performance but
in the retention of materials.
3. Third Research — An analysis of the third research revealed
while some experimenters have tried programmed learning with
no supplementation and experienced no ill effects in attitude
or in achievement over the short Instructional period of a
few days or a few weeks, but they found that in a longer
period sign of boredom on the part of the learner would de¬
velop.
(a) It was and has been demonstrated that the use of pro¬
grammed materials for a longer period of time does not
have particularly detrimental effects upon jittitude
toward the subject or toward programmed learning when
the programmed materials are supplemented with teacher
instruction.
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4. Fourth Research ~ An analysis of the fourth research revealed
that pupils studying contemporary mathematics will not main¬
tain computational skills, comparable to that of pupils
studying conventional arithmetic, unless the program was
modified.(a)There was a marked relationship between conventional
and contemporary mathematics achlevemeht for the con¬
temporary group.(b)There was a moderate relationship between conventional
and contemporary mathematics achievement for the con¬
ventional group.(c)Contemporary mathematics is equally suitable for all
ability levels If only achievement is measured. If
attitude Is considered, this program was not as satis¬
fying for the lower ability pupils as It was for the
upper ability pupils.
3. An analysis of the report pertaining to guidelines for
selecting programmed texts in mathematics; and an evalu¬
ation of five programmed units In mathematics supported
previous findings that, many programmed texts are unsatis¬
factory.
Conclusions
The findings of this study appear to warrant the following
conclusions:
1. That the utilization of programmed materials In one grade
has no adverse effect upon arltlunetlc achievement In the
following grade.
2. That when computational skills alone are considered, con¬
ventional Instruction Is more effective than programmed
Instruction.
3. That paired students retain significantly greater amounts
of the subject matter than the Individuals.
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4. That programmed learning with no supplementation over a long
period of study produces signs of boredom on the part of the
learner.
5. That socioeconomic level Is not a criterion by which jiecisions
are made concerning the utilization of programmed materials.
6. That programmed mathematics Is equally suitable for all
ability levels If only achievement Is measured.
7. That if attitude Is considered, programmed mathematics Is
9Qt as satisfactory for the lower ability pupils as It is
for the upper ability pupils.
8. That while programmed ^^thematlcs Instruction Is effective,
many programmed texts and other programmed materials are
unsatisfactory.
Implications
The Implications of this study are as follows:
1. That programmed instruction is not designed to replace the
classroom teacher, but as an aid In either a contemporary
or conventional mathematics program.
2. That programmed mathematics Instruction is effective when
properly utilized as an Instructional aid.
3. That programmed Instruction will become more effective as
modification and Improvement In programmed materials continues.
4. That programmed instruction, '9.9 modern mathematics is here
to stay; hence, it is necessary for those responsible for
mathematics instruction in the elementary and secondary
schools to devise methods for the selection of the programmed
materials best suited for their particular situations.
5. That there is no single programmed instruction program that
is the ideal for every situation. That as each situation
is different in some respect from every other situation,
accordingly, the selected program in progranmied instruction




1. That other studies in programmed instruction be made, as
the programs and methods are undergoing constant modifi¬
cations and improvements.
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2. That since programmed mathematics instruction is a recent
innovation in the teaching of mathematics; teachers responsible
for mathematics instruction in elementary and secondary school
should avail themselves of the opportunities to Improve their
competency in the proper use of programmed mathematics materials.
3. That colleges engaged in the preparation of teachers include
in their teacher-education program adequate training in the
content and methodology of pnogrammed instruction in the
elementary and secondary schools.
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A CHECKLIST DESIGNED TO IDENTIFY THE EXTENT OF AGREEMENT
AND/OR DISAGREEMENT ON THE VARIABLES OF TEACHING
METHODOLOGY AND ADHERENCE TO GUIDELINE CRITERIA
AMONG THE FOUR RESEARCHES ANALYZED
1. Number of research as used in this study.12345
2. Educational level of pupils Involved In the





15. other3.Other Instruction, If any, with which the program






4. Number of major groups involved In the research.. 12345
5. Number of subgroups Involved In the research..... 123456.If In number five (5) the number Is greater
than five (5) give correct number In space provided
For the remaining Items, the scale Is Interpreted as follows:
1 - Yes; 2 - No; 3 - Not Indicated.
7. Was pre-test administered? 12 3
8. Was post-test administered 1 2 3
9. Was provisions made for relevant nonprogrammed
activity?. 12 3
10. Did each pupil work at his own Individual pace?. 1 23
11. Was teacher-textbook method used? .............. 1 2 3
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